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Description 

FIELD OF THE INVENTION 

The invention relates to a memory buffer especially 
for use in the output queue of a switching apparatus for 
interconnecting a plurality of incoming and outgoing 
transmission links in the nodes of a communication net- 
work. 

BACKGROUND 

Fast switching of information is an important task in 
any communication network. The network nodes in 
which lines or transmission links are interconnected so 
that information may be exchanged between them are 
often a cause of delay in the network. If much traffic is 
concentrated in a node and if, in particular, most of the 
traffic passes through few of the finks, then increased 
delays or even loss of information are encountered. It is 
therefore desirable to have switching nodes or exchang- 
es which are fast and practically non-blocking. 

In an article in the IBM Technical Disclosure Bulle- 
tin, vol 32, no 10B, March 1990, pp 176-177 entitled 
"Packet Switching Module", one method for increasing 
the speed of switching is described In this switch, the 
destination headers are separated on arrival in the 
switch from the data packets. These packets are stored 
at a specified address within a packet buffer memory 
and then this buffer address is passed through the con- 
trol section of the switch. At the outputs of the switch, 
the buffer address is used to retrieve the data packet 
from the packet buffer memory. Whilst this switch has 
many advantages over conventional switches which 
pass the entire contents of the packet through the 
switch, it is limited by the speed of operation of the mul- 
tiple port first-in-first-out (FIFO) buffers which are used 
to form output queues to temporarily store the buffer ad- 
dresses of data packets directed to switch outputs. 

In the prior art several methods are well known for 
increasing the speed of operation of the output queue 
buffers. For example, the memory forming the FIFO 
buffer can be interleaved or a single memory can have 
an internal speed-up process These solutions, howev- 
er, require extra hardware and may require special cus- 
tomized logic designs. As the number of inputs and out- 
puts to one switch increases, such systems will have to 
be re-designed and an increasing number of ports will 
slow down the operation of the buffer for the same basic 
switch construction. 

One example of a packet network switch which 
does allow for the expansion of the switch without lead- 
ing to a significant degradation of performance is de- 
scribed in "The Knockout Switch: A Simple, Modular Ar- 
chitecture for High-Performance Packet Switching" by 
Yeh et al, IEEE Journal on Selected Areas in Commu- 
nications, Vol SAC-5, No 8, October 1987, pp 
1 274-1 283. This describes a system in which a 'concen- 



trator 4 is used to concentrate the packets arriving on the 
N input lines onto a smaller number of L lines. A 'round 
robin server 1 is used to take the packets from the L out- 
put lines and store them in the first available FIFO buffer 
s connected to the output to which the packet is directed. 
L separate FIFO buffers are used in the design to cater 
for the worst possible case that in one time slot L packets 
emerge from the concentrator. This switch suffers from 
the major disadvantage that should more than L packets 
arrive at the switch, then some of the packets will be lost 
in the concentrator since there are only L lines out. In 
addition, the provision of separate concentrator, round 
robin server, and L FIFO buffers requires a large hard- 
ware overhead. 

15 

SUMMARY OF THE INVENTION 

The problem therefore is to provide a FIFO buffer 
for use in the output queue of data packet switch which 
20 requires a minimal increase in hardware and reduces 
the risk of losing packets within the switch. 

The invention solves this problem by using a plural- 
ity of memory access controls to each of which all of the 
input ports are connected. The memory access control 
25 receives from the input ports all of the data packets des- 
tined for a particular output and then stores these in ad- 
jacent memory locations which form the FIFO buffer 
queue. 

The storage of all incoming data packets can be 
30 completed in one cycle and thus no data packets need 
to be held at the input ports nor are data packets lost 
within the switch. 

In one particular embodiment of the invention, each 
FIFO queue does not store the complete data packet, 
55 but rather only the address at which the packet is held 
in a separate packet buffer memory. 

The multi-input FIFO buffer described herewithin 
does not require any internal speed-up or memory in- 
terleaving techniques. Its speed of operation is inde- 
*o pendent of the number of input and output ports and so 
it may be expanded as required. The described buffer 
ensures that, should all incoming data packets be direct- 
ed to the same output port, then no packets are lost with- 
in the switch, but does not require all inputs to deliver a 
45 data element in every cycle nor does it require all out- 
puts to take a data element in every cycle. The buffer 
can be built economically in VLSI using standard design 
tools or can be constructed using off-the-shelf compo- 
nents. 

5° A multi input FIFO memory Buffer incorporating the 
invention is defined in independent claim 1 . Further em- 
bodiments of the invention are specified in the append- 
ed dependent claims. 

55 DESCRIPTION OF THE FIGURES 

Fig. 1 shows the basic packet switching network in- 
corporating a FIFO buffer. 
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Figs. 2a-c illustrate the storage of packet buffer ad- 
dresses in output queues. 

Fig. 3 illustrates the arrangement of dual memories 
used in the FIFO buffer. 

Fig. 4 illustrates the complete structure of the output 
queue used in the packet switching network. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 shows a data packet switch which consists of 
n input lines 5a-n, each of which is connected to a sep- 
arate router 10a-n. All of the routers 10a-n are connect- 
ed to a single packet buffer memory 30 and each of the 
routers 10a-n are connected through lines 7a-n to one 
of a series of de-multiplexers 50a-n. A memory 40 is 
used to store the addresses of unoccupied spaces with- 
in the packet buffer memory 30. The memory 40 is con- 
nected through lines 42a-n and 46a-n to the routers 10a- 
n and through lines 42a-n and 44a-n to the de-multiplex- 
ers 50a-n. Each of the de-multiplexers 50a-n is connect- 
ed individually through lines 60 to each of a series of 
output queues 70a-n. These output queues 70a-n are 
connected to multiplexers 20a-n through lines 72a-n 
and 76a-n and to the memory 40 through lines 72a-n 
and 74a-n. All multiplexers 20a-n are connected to the 
data packet buffer memory 30 and output lines 25a-n. 

In operation, the different packets arrive at some or 
all of the n inputs 5a-n and are then passed to the routers 
1 0a-n. Each packet consists of data and a header, in the 
latter of which amongst other things is an output address 
of the required one of the output lines 25a-n on which 
the packet is to be output. The routers 10a-n place the 
contents of the incoming packet into the packet buffer 
memory 30 at an available free buffer address. In prin- 
ciple it would be possible to save space in the packet 
buffer memory 30 by not storing in it the addresses of 
the output lines 25a-n to which the data packet is direct- 
ed as this information is now redundant. However, for 
reasons of simplicity, this information is not removed in 
the preferred embodiment and all of the header as well 
as the data is stored in the packet buffer memory 30. 
Memory 40 stores the values of all the free (i.e. non- 
occupied) buffer addresses and supplies these to the 
routers 10a-n on demand along lines 42a-n and 46a-n. 
The memory 40 is formed by any standard FIFO mem- 
ory or by a memory similar to that used to form the output 
queues 70a-n. In practice, in order to speed up the op- 
eration of the swilch, each of the routers 10a-n has nor- 
mally assigned to it one free buffer address which can 
be immediately used to store the incoming packet. The 
respective one of the routers 10a-n will then only request 
further free buffer address from the memory 40 when it 
has assigned its one free buffer address to a packet. 
The packet header, containing the output address of the 
packet, or only the output address itself is passed along 
lines 7a-n from the respective one of the routers 10a-n 
to the respective one ot the de-multiplexers 50a-n. The 
packet buffer address at which the packet has been 



stored in the packet buffer 30 is transferred either from 
the respective one of the routers 10a-n along the re- 
spective ones of the lines 46a-n and 44a-n or, if no pack- 
et buffer address is available in the respective one of 

$ the routers 10a-n, from the memory 40 along the respec- 
tive ones of the lines 42a-n and 44a-n to the respective 
one of the de-multiplexers 50a-n. 

Using the control information for each packet, these 
de-multiplexers 50a-n transfer the packet buffer ad- 

10 dresses to the respective output queues 70a-n corre- 
sponding to the respective outputs 25a-n to which the 
contents of the packets have to be transmitted. If the 
headers are not stored in the packet buffer memory 30, 
then they too are passed from the de-multiplexers 50a- 

15 n to the respective output queues 70a-n where they are 
stored with the packet buffer addresses. The process of 
transmitting the contents of the packets from the packet 
buffer memory 30 to the switch outputs 25a-n is carried 
out by the multiplexers 20a-n which take the first packet 

20 buffer address with, if necessary, the header from the 
respective output queues 70a-n along lines 72a-n and 
76a-n, read the contents of the packet buffer 30 at the 
indicated address and transmit the packet containing 
data and header on the appropriate one of the output 

^5 ijnes 25a-n. The packet buffer address is returned to the 
memory 40 from the output queues 70a-n as the mem- 
ory location which it indicates within the data packet 
buffer memory 30 is now free to store a further data 
packet. 

30 Figs. 2a-c depict the structure of part of one of the 
output queues 70a-n shown in Fig. t. For the purposes 
of illustration, it is assumed that, in the data packet 
switch shown in Fig. 1 , there are only four input lines 5a- 
n. Thus each output queue 70a-n will also only have four 

35 inputs, one coming from each of the four de-multiplexers 
50a-n. These inputs are labelled 1 30a-d in Figs. 2a-c. 

The inputs 130a-d are passed to a memory access 
control 120. The memory access control 120 has eight 
outputs, a first set of outputs 140a-d is connected to a 

40 first memory 1 60 and a second set of outputs 1 50a-d is 
connected to a second memory 170. The memory ac- 
cess control 120 also contains a further input, from an 
Offsetjn register 100, and a further output, to an 
Offset_Out register 110. 

45 Memories 160 and 170 are formed of bit-writable 
memories. They could, however, also be formed of other 
addressable memories so long as tha corresponding 
hardware is added to ensure that no data is overwritten. 
In Figs. 2a-c, the two memories are shown as two sep- 

50 arate memories 160, 170. It would, however, be also 
possible to use one dual port memory in which both of 
the ports were separately addressable. 

The operation of the output queue will be explained 
by firstly considering Fig. 2a. It will be assumed that, at 

55 the beginning of operation neither the first memory 1 60 
nor the second memory 170 hold any data. Suppose 
then that three packets arrive on different input lines 5a- 
n in the switch concurrently. Concurrently in this context 
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does not mean that the data packets all arrive at exactly 
the same time, rather that they arrive within one cycle 
of operation of the memory buffer. The contents of the 
packets are transferred to the packet buffer 30 and the 
buffer addresses at which the contents are stored are 5 
passed, together with the output addresses, to the de- 
multiplexers 50a-a These de-muftiplexers 50a-n de- 
code the output addresses and, supposing that the out- 
put addresses show that all the packets have to be di- 
rected to the same one of the output lines 25a-n, send 10 
the buffer addresses to the same output queue. Thus 
the buffer addresses arrive on three of the inputs 1 30a- 
d of the memory access control 120. Solely for the pur- 
poses of explanation, the buffer addresses are shown 
as arriving on lines 130a, 130b and 1 30d of Fig. 2a. In 15 
the memory access control 120 these buffer addresses 
are placed on adjacent output lines. Thus they appear 
concurrently on lines 140a, 140b and 140c from whence 
they can read concurrently into the first three free loca- 
tions of the first memory 1 60 (in this example, rows 1,2 20 
and 3 of column 1 ). The value of the Offset_Out pointer 
1 10 is changed from 0, indicating that none of the rows 
of the first column are set, to 3, indicating that the first 
3 rows of the first column are occupied. This value is 
then passed to tho OffsctJ n pointer 1 00. 2s 

Turning now to Fig. 2b, suppose in the next cycle of 
operation of the memory buffer another two packets ar- 
rive at the packet switch destined for the same one of 
the output lines 25a-n as the three previous packets. For 
the purposes of illustration, it will be assumed that they 30 
arrive on lines 130b and 130d from the de-multiplexers 
50a -n. 1 1 is also assumed that, in the meantime, no buffer 
address has been read out of either of the memories 
160 or 170. The memory access control 120 knows, 
from the value of the Offsetjn pointer (i.e. 3), that the 35 
first three rows of the memory 160 are occupied but that 
there ar^ unoccupied rows in the same column of mem- 
ory 160 and memory 170. Thus the values of the buffer 
addresses on inputs 1 30b and 1 30d are output concur- 
rently on adjacent output lines by the memory access *o 
control 120, in this case on lines 140d and 150a, from 
whence they are read at the same time into the next free 
rows of the memories 160 and 170 (i.e. row 4 of column 
1 of memory 1 60 and row 1 of column 1 of memory 1 70). 
The value of the Oflset_Out pointer 110 is set to 5 to 45 
indicate that five rows of the first column in the memories 
1 60 and 1 70 are occupied and this value is then passed 
to the Offsetjn pointer 100. 

Fig. 2c illustrates what further happens when four 
packets are then concurrently received at the switch on so 
different input lines 5a-n but all of which must be passed 
to the same one of the output lines 25a-n. Again it is 
assumed that no buffer addresses have been read out 
from either memory 160 or memory 170 since the situ- 
ation illustrated in Fig. 2b. In Fig. 2c, buffer addresses ss 
are shown on all four inputs 130a-d of the memory ac- 
cess control 1 20 The memory access control 1 20 uses 
the value of the Offsetjn pointer 100 (i.e. 5) to deter- 



mine that there are only three free rows left in the first 
column of the memories 160 and 170. It therefore out- 
puts concurrently on the lines 150b, 150c and 150d 
three of the buffer addresses. The fourth buffer address 
is output on line 140a and is stored in the first row of the 
second column of memory 160 simultaneously with the 
outputs on lines 150b, 150c and 150d being stored into 
the last three rows of memory 170. Two memories need 
to be used in order to perform this operation since it is 
not possible to address more than one column of bit po- 
sitions in the same memory during the same cycle of 
operation. Thus, as we need to write three packets into 
the first column of a memory and one packet into the 
second column during the same cycle of operation, two 
memories are required. The value of the Offset_Out 
pointer 110 is set to 1 to indicate that only the first row 
of the second column of memory 160 is occupied. 

As more buffer addresses arrive at the memory ac- 
cess control 120, this process is continued and succes- 
sive rows in successive columns in both memories 160 
and 170 are filled by the buffer addresses until both 
memories are completely filled. Should this happen then 
some error message must be sent to stop further buffer 
addresses arriving on inputs 1 30a--d so that information 
is not lost. This situation is unlikely to occur since in 
practice, whilst buffer addresses are being written into 
the memories 160 and 170, they will also be being read 
out from the memories 160 and 170. 

Fig. 3 illustrates this operation. Two registers are 
shown in Fig. 3. Write pointer register 190 indicates the 
next location to which a buffer address can be written 
and read pointer register 180 indicates the next location 
from which a buffer address is to be read. The shaded 
area shows the locations in which unread buffer ad- 
dresses are stored and the line shows the order in which 
such buffer addresses should be read. When the value 
in the write pointer register 1 90 indicates that all the 
memory locations have been used, then it is reset to that 
of the beginning of the first memory 160 and, providing 
that this location no longer stores a buffer address, the 
next buffer address to be stored in the required one of 
the output queues 70a-n is written into row 1 of column 
1 of memory 160. 

It should be noted that the data is not structured 
within the memory in a conventional manner, i.e. a data 
word consisting of one bit in each row of the same col- 
umn. Rather, each data word in Fig. 3 comprises a 
number of bits in the same row. Another way of express- 
ing this is to say that a data word is not written in the 
"direction" of memory width, as is conventional. Rather 
it is written in the "direction" of memory depth. 

Fig. 4 shows the complete structure of one of the 
output queues 70a-n of Fig. 1 incorporating the ele- 
ments referred to in Figs. 2 and 3. In Fig. 4 the same 
reference numbers as used in the previous Figs. 2 and 
3 have been used to indicate the same elements except 
that their value has been increased by 100. In the em- 
bodiment shown, a memory access control 220 has 
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eight input lines 230 and sixteen output lines 240 and 
250. The eight output lines 240 are connected to the in- 
puts of a memory 260 and the eight output lines 250 to 
the inputs of a memory 270. 

A register 290 performs the function of the previous- $ 
ly described write pointer register 190. The bits of this 
register 290 are divided into three groups. A first group 
of bits 200 acts as the previously described Offsetln 
pointer 100 used to address a row within the memories 
260 and 270 and is connected to the Offset_Out pointer io 
210 by lines 360 along which the values of the bits are 
transferred. The values of the first group of bits 200 are 
passed to the inputs of the memory access control 220 
along lines 362a-d. A second and third group 202 of bits 
of the register 290 are connected directly to a bus 350. is 
The second group of bits is used to address a column 
of the memories 260, 270 and the third group is used to 
address a specific memory location within a column of 
the memories 260, 270. Incrementer 300 is connected 
by line 370 to the value of the most significant bit of the 20 
first group of bits 200 of the register 290 and is placed 
in parallel between part of the bus 350 and the write ad- 
dress ports of the memory 260. It is used to increment 
those bits of the bus 350 which address the columns of 
the memory, i.e. the second group of bits of the register 2s 
290, and is triggered whenever the value on line 370 is 
one. It ensures that, whenever all of the rows of one of 
the columns of the memory 270 are full and the next 
buffer address has to be written into memory 260, then 
the buffer addresses are written into the next column of 30 
the memory 260. 

A read pointer register 280 has its bits similarly di- 
vided into three groups. A first group of bits 282 is con- 
nected to a multiplexer 310 and a second and third 
group of bits 284 is connected to a bus 340. The second 35 
and third group of bits 284 of the write pointer register 
280 connected to the bus 340 are used for addressing 
a column and a memory location within the column of 
the memories 260, 270 and the first group of bits 282 
for addressing a specific row in one of the memories 40 
260, 270. The read pointer register 280 uses the second 
group of bits 284 to pass the column number from which 
buffer addresses are to be read along a bus 340 to the 
read address inputs ol memories 260 and 270. All of the 
butter addresses contained in the rows of this column *s 
are output on the lines 320 from memory 260 and on 
lines 330 from the memory 270. The multiplexer 310 to 
which lines 320 and 330 are connecled uses the values 
of the first group of bits 282 of the read pointer register 
280 and inputs one buffer address at a time along the s° 
output 380 to one of the multiplexers 20a-n shown in 
Fig. 1. The first buffer address output will be the one 
contained in row 1 of the column read from memory 260 
and the last will be the one contained in row 8 of the 
column read from memory 270. After all of the buffer ss 
addresses in one column have been read out of the mul- 
tiplexer 310, then a signal is sent from the read pointer 
register 280 along bus 340 to output the buffer address- 



es contained in the next column of the memories 260 
and 270 along lines 320 and 330. 

The embodiment has been described using eight 
input lines 230 to the memory access control 220 and a 
corresponding sixteen output lines 240 and 250 from the 
memory access control 220. It is possible to increase 
the number of input lines and the appropriate alterations 
that have to be made to the circuit would be apparent to 
a man skilled in the art. 

Whilst in the described embodiments has assumed 
that only the buffer addresses are stored in memories 
260 and 270, it would be possible to store the complete 
contents of the packet therein. 



Claims 

1. A multi input FIFO memory buffer for use in a data 
packet switch comprising a memory (160, 170, 260, 
270) connecled to memory access control means 
(120, 220) via a first plurality of output lines (140, 
150, 240, 250), said memory access control means 
receiving data to be stored in said memory, such as 
data packets or addresses of buffered data packets, 
through a second plurality of memory input lines 
(130, 230); 

characterised by: 

said memory access control means (1 20, 220) 
outputting the data packets or addresses of 
buffered data packets concurrently arriving on 
an arbitrary number of said second plurality of 
memory input lines (1 30, 230) to a correspond- 
ing number of adjacent output lines (140, 150, 
240, 250) of said first plurality of output lines 
from which the data packets or addresses of 
buffered data packets are written concurrently 
into consecutive locations of said memory (160, 
170, 260, 270); said memory having multiple 
addressing capability; 

said memory access control means comprising 
a register (290) to produce an offset_in pointer 
(100) to indicate the first adjacent output line 
( 1 40, 1 50, 240, 250) on which said data are out- 
put; an offset_out pointer means (110, 210) to 
indicate the last plus one adjacent output line 
on which said data are oulpul; and means (360) 
to connect said offset_out pointer means to 
said register so that the contents of the 
off sellout pointer means is transferred to said 
register after all data have been transferred to 
said memory (160, 170. 260, 270). 

2. Multi input FIFO memory buffer as described in 
claim 1 characterised in that said memory (160, 
1 70, 260, 270) is bit-addressable and that said data 
can be directly written to specified locations within 
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the said memory (160, 170, 260, 270). 

3. Multi input FIFO memory buffer as described in 
claim 1 or 2 characterised in that said memory (160, 
170, 260, 270) is formed by two separate memory s 
units which can be independently addressed; and 
said memory address control means (120, 220) has 
two sets of output lines (140, 150, 240, 250), one 

for each of said memory units. 

10 

4. Mufti input FIFO memory buffer as described in 
claim 1 or 2 characterised in that said memory (160, 
170, 260, 270) is formed of a single memory with 
two write ports, each of which can be independently 
addressed. is 

5. Multi input FIFO memory buffer according to any of 
the above claims characterised in that the said reg- 
ister (290) is also connected to input address ports 

of the said memory (160, 170, 260, 270) and indi- 20 
cates the address at which said data are to be 
stored. 

6. Mufti input FIFO memory buffer according to claim 

5 characterised in that the said memory (160, 170, 2s 
260, 270) is organised into rows and columns, each 
of the said output lines (140, 150, 240, 250) being 
connected to one of the said rows, and each of said 
columns containing enough bits to store the said da- 
ta and said register (290) indicating the address of 30 
the column in which said data on said adjacent out- 
put lines (140, 150, 240, 250) are to be stored. 

7. Multi input FIFO memory buffer according to any of 
the above claims characterised by a multiplexer 3$ 
(31 0) which is connected (320, 330) to the said 
memory '^60, 270) and which selects the order in 
which the said data are transferred out of the said 
multiplexer (310) along an output line (380); and a 
read pointer (280) which is connected to the said *o 
multiplexer (310) and to the read address ports of 

the said memory (160, 170, 260, 270) and which 
indicates which column of data is to be transferred 
from the said memory (160, 170, 260, 270) to the 
said multiplexer (310). *s 

8. Multi input FIFO memory buffer according to any of 
the above claims characterised in thai the said 
memory (160, 170, 260, 270) does not store the 
complete data packet but only the address of a lo- so 
cation within a packet buffer memory (30) at which 
the complete data packet is stored. 



Paten tan sprue he 55 

1. FIFO-Speicherpuffer mit mehreren Eingangen zur 
Verwendung in einer Datenpaket-Vermittlungsstel- 



le, die einen Speicher (160, 170, 260, 270) umfaBt, 
der uber eine erste Vielzahl von Ausgangsleitungen 
(140. 150, 240, 250) mit einem Speicherzugriffs- 
Steuermittel (120, 220) verbunden ist, wobei das 
Speicherzugriffs-Steuermittel uber eine zweite Viel- 
zahl von Speichereingangsleitungen (1 30, 230) Da- 
ten wie beispielsweise Datenpakete Oder Adressen 
von gepufferten Datenpaketen empfangt, die in 
dem Speicher abgeiegt werden sol fen; 
dadurch gekennzeichnet, daG: 

das Speicherzugriffs-Steuermittel (120, 220) 
die Datenpakete Oder die Adressen von gepuf- 
ferten Datenpaketen, die gleichzeitig auf einer 
beliebigen Anzahl der zweiten Vielzahl von 
Speichereingangsleitungen (130, 230) ankom- 
men, an eine entsprechende Anzahl von Nach- 
barausgangsleitungen (140, 150, 240, 250) der 
ersten Vielzahl von Ausgangsleitungen aus- 
gibt, von denen die Datenpakete oder die 
Adressen von gepufferten Datenpaketen 
gleichzeitig in aufeinanderfolgende Speicher- 
platze des Speichers (160, 170, 260, 270) ge- 
schrieben werden; wobei der Speicher uber ei- 
ne Mehrfachadressierungsfunktion verfugt; 

das Speicherzugriffs-Steuermittel folgendes 
umfaBt: ein Register (290), das zur Erzeugung 
eines Offsetjn-Zeigers (100) dient, um die er- 
ste Nachbarausgangsleitung (140, 150, 240, 
250) anzuzeigen, auf der die Daten ausgege- 
ben werden; ein Offset JDut-Zeigermittel (110, 
210), um die letzte plus eine Nachbaraus- 
gangsleitung anzuzeigen, auf der die Daten 
ausgegeben werden; und Mittel (360), um das 
Offset_Out-Zeigermittel mit dem Register zu 
verbinden, so daG der Inhalt des Offset_Out- 
Zeigermittels an das Register ubertragen wird, 
nachdem alle Daten an den Speicher (160, 
1 70, 260, 270) ubertragen worden sind. 

2. FIFO-Speicherpuffer mit mehreren Eingangen wie 
in Anspruch 1 beschrieben, dadurch gekennzeich- 
net, daG der Speicher ( 1 60, 1 70, 260, 270) bitadres- 
sierbar ist und daG die Daten direkt an angegebene 
Speicherplatze innerhalb des Speichers (160, 170, 
260, 270) geschrieben werden konnen. 

3. FIFO-Speicherpuffer mit mehreren Eingangen wie 
in Anspruch 1 oder 2 beschrieben, dadurch gekenn- 
zeichnet, daG der Speicher (1 60, 1 70, 260, 270) aus 
zwei getrennten Speichereinheiten gebildet wird, 
die unabhangig voneinander adrcssiert werden 
konnen; und das Speicherzugriffs-Steuermittel 
(120, 220) zwei Gruppen von Ausgangsleitungen 
(1 40, 1 50, 240, 250), eine fur jede der Speicherein- 
heiten, hat 
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4. FIFO-Speicherpuffer mit mehreren Eingangen wie 
in Anspruch 1 oder2 beschrieben, dadurch gekenn- 
zeichnet, daG der Speicher (160, 170, 260. 270) aus 
einem einzigen Speicher mit zwei Schreibkanalen 
gebildet wird, von denen jeder unabhangig adres- s 
siert werden kann. 

5. FIFO-Speicherpuffer mit mehreren Eingangen 
nach einem der vorstehenden Anspruche, dadurch 
gekennzeichnet, daB das Register (290) auch mit io 
Eingangsadressenkanalen des Speichers (160, 
170, 260, 270) verbunden ist und die Adresse an- 
zeigt, an der die Daten gespeichert werden sollen. 

6. FIFO-Speicherpuffer mit mehreren Eingangen is 
nach Anspruch 5, dadurch gekennzeichnet, daB der 
Speicher (160, 170 : 260, 270) in Zeilen und Spalten 
organisiert ist, wobei jede der Ausgangsleitungen 

(1 40, 1 50, 240, 250) mit einer der Zeilen verbunden 
ist und jede der Spalten genugend Bits enlhalt, urn 20 
die Daten zu speichem, und wobei das Register 
(290) die Adresse der Spalte anzeigt, in der die Da- 
ten auf den Nachbarausgangsleitungen (140, 150, 
240, 250) gespeichert werden sollen. 

25 

7. FIFO-Speicherpuffer mit mehreren Eingangen 
nach einem der vorstehenden Anspruche, gekenn- 
zeichnet durch einen Multiplexer (310), der mit dem 
Speicher (260, 270) verbunden (320, 330) ist, und 
der die Reihenfolge auswahlt, in der die Daten aus 30 
dem Multiplexer (310) heraus ubereine Ausgangs- 
leitung (380) ubertragen werden; und einen Lese- 
zeiger (280), der mit dem Multiplexer (31 0) und den 
Leseadressenkanalen des Speichers (160, 170, 
260, 270) verbunden ist, und der anzeigt, welche 35 
Datenspalte von dem Speicher (160, 170, 260, 270) 

an den Multiplexer (310) ubertragen werden soil. 

8. FIFO-Speicherpuffer mit mehreren Eingangen 
nach einem der vorstehenden Anspruche, dadurch 40 
gekennzeichnet, daf3 der Speicher (160, 170, 260, 
270) nicht das ganze Datenpaket, sondern nur die 
Adresse eines Speicherplatzes innerhalb eines Pa- 
ketpufferspeichers (30) speichert, an der das ganze 
Datenpaket gespeichert wird. 45 



que des paquets de donnees ou des adresses de 
paquets de donnees mis en tampon, par Tinterme- 
diaire d'une seconde pluralite de lignes d'entree en 
memoire (130, 230), 
caracterise en ce que : 

ledit moyen de commande d'acces en memoire 
(120, 220) sort simuttanement les paquets de 
donnees ou les adresses des paquets de don- 
nees mis en tampon arrivant sur un nombre 
quelconque de ladite seconde pluralite de li- 
gnes d'entree en memoire (130, 230) vers un 
nombre correspondant de lignes de sortie ad- 
jacentes (140, 150, 240, 250) de ladite premie- 
re pluralite des lignes de sortie a partir desquel- 
les les paquets de donnees ou les adresses 
des paquets de donnees mis en tampon sont 
ecrits simultanement a des emplacements con- 
s6cutifsde ladite memoire (160, 170, 260, 270), 
ladite memoire presentant des possibilites 
d'adressage multiples, 

ledit moyen de commande d'acces en memoire 
comprend un registre (290) destine a produire 
un pointeur de decalage a 1'entree (100) afin 
d'indiquer la premiere ligne de sortie adjacente 
(140, 150, 240, 250) sur laquelle lesdites don- 
nees sont sorties, un moyen de pointeur de de- 
calage a la sortie (110, 210) afin d'indiquer la 
derniere ligne de sortie adjacente plus une sur 
laquelle lesdites donnees sont sorties, et un 
moyen (360) destine a relier ledit moyen de 
pointeur de decalage a la sortie audit registre 
de sorte que le contenu du moyen de pointeur 
de decalage a la sortie soit transfere vers ledit 
registre apres que toutes les donnees aient ete 
transferees vers ladite memoire (1 60, 1 70, 260, 
270). 

2. Tampon de memoire de type premier entre premier 
sorti multi-entrees selon la revendication 1, carac- 
terise en ce que ladite memoire (1 60, 1 70, 260, 270) 
est adressable par bits et en ce que lesdites don- 
nees peuvent etre ecrites directement a des empla- 
cements specifies a Tinterieur de ladite memoire 
(160, 170, 260, 270). 



Revendications 

1 . Tampon de memoire de type premier entre premier so 
sorti (FIFO) multi-entrees destine a etre utilise dans 
un commutateur de paquets de donnees compre- 
nant unc memoire (160, 170, 260, 270) relice a un 
moyen de commande d'acces en memoire (120, 
220) par I'intermediaire d'une premiere pluralite de ss 
lignes de sortie (140, 150, 240, 250), ledit moyen 
de commande d'acces en memoire recevant des 
donnees a memoriser dans la dite memoire, telles 



3. Tampon de memoire de type premier enlre premier 
sorti multi-entrees selon la revendication 1 ou 2, ca- 
racterise en ce que ladite memoire (160, 170, 260, 
270) est formee par deux unites de memoire sepa- 
rees qui peuvent etre adressees independamment, 
et ledit moyen de commando d'adresse en memoire 
(120, 220) comporte deux ensembles de lignes de 
sortie (140, 150, 240 : 250), un pour chacune des- 
dites unites de memoire. 

4. Tampon de memoire de type premier entre premier 
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sorti multi-entrees selon la revendication 1 ou 2, ca- 
racterise en ce que tadite memoire (160, 170, 260, 
270) est formee d'une seule memoire comportant 
deux acces cfecriture, dont chacun peut etre adres- 
se independamment s 

5. Tampon de memoire de type premier entre premier 
sorti multi-entrees selon Tune quelconque des re- 
vendications precedentes, caracterise en ce que le- 

dit registre (290) est egalement relie a des acces 10 
d'adresse en entree de ladite memoire (160, 170, 
260, 270) et indique i'adresse a laquelle lesdites 
donnees doivent etre memorisees. 

6. Tampon de memoire de type premier entre premier is 
sorti multi-entrees selon la revendication 5, carac- 
terise en ce que ladite memoire (1 60, 1 70 : 260, 270) 

est organisee en rangees et en colonnes, chacune 
desdites lignes de sortie (140, 150, 240, 250) etant 
reliee a Tune desdiles rangees, el chacune desdites 20 
colonnes contenant suffisamment de bits pour me- 
moriser lesdites donnees et ledit registre (290) in- 
diquant I'adresse de la colonne dans laquelle lesdi- 
tes donnees sur lesdites lignes de sortie adjacentes 
(140, 150, 240, 250) doivent etre memorisees. 2s 

7. Tampon de memoire de type premier entre premier 
sorti multi-entrees selon Tune quelconque des re- 
vendications precedentes, caracterise par un mul- 
tiplexer (310), qui est relie (320, 330) a ladite me- 30 
moire (260. 270) etqui selectionne I'ordre selon le- 
quel lesdites donnees sont transferees en sortie du- 

dit multiplexeur (310) en suivant une ligne de sortie 
(380), et par un pointeur de lecture (280), qui est 
relie audit multiplexeur (310) et aux acces d'adres- 35 
se de lecture de ladite memoire (160, 170 : 260, 270) 
et qui indique ovelle colonne de donnees doit etre 
transferee depuis ladite memoire (160, 170, 260, 
270) vers ledit multiplexeur (310). 

40 

8. Tampon de memoire premier entre premier sorti 
multi-entrees selon Tune quelconque des revendi- 
cations precedentes, caracterise en ce que ladite 
memoire (160, 170, 260, 270) ne memorise pas le 
paquet de donnees complet mais uniquement 4s 
I'adresse d'un emplacement a I'interieur de la me- 
moire tampon de paquets (30) auquel le paquet de 
donnees complel esl memorise. 
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